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Description 



TECHNICAL FIELD 

5 The present invention relates to a graft-modified polyolef inic resin and a thermoplastic resin composition containing 
the same. More particularly, the present invention relates to a resin composition having improvements in fluidity, weld- 
ability, impact resistance, etc. which can be preferably used in automobile parts, household appliance parts, industrial 
parts, sports goods, furniture, etc. 

10 RACKfiROUND AFU 

Polyolefinic resins have excellent mechanical properties, chemical properties, physical properties and workability 
and thus have been used as inexpensive plastic materials. Among these polyolefinic resins, olef inic elastomers such as 
ethylene-propylene copolymer and ethylene-propylene-nonconjugated diene copolymer have been used to make an 

15 attenpt to reduce the weight of a thermoplastic resin such as polyester resin, polyamide resin and polycarbonate resin 
or improve physical properties such as impact resistance of such a thermoplastic resin when blended in such a thermo- 
plastic resin. However, since non-polar olefinic elastomers have a poor compatibility with these thermoplastic resins, the 
two resins cannot be uniformly dispersed wen when blended with each other. The resulting mixture rather shows dete- 
rioration in mechanical properties such as rigidity and impact resistance, making it impossible to obtain a resin compo- 

20 sition having desired physical properties. This attempt is further disadvantageous in that the drop of interlacial adhesive 
strength remarkably impairs weldability 

As an approach for improving the compatibility of thermoplastic resin with olefinic elastomer, a method involving the 
blending of an ethylene-propylene copolymer or ethylene-propylene-nonconjugated copolymer (graft copolymer) mod- 
ified with an unsaturated epoxy monomer or the like in a polyester resin is disclosed in JP-B-6-15659 (The term "JP-B" 

25 as used herein means an "examined Japanese patent publication"). A method involving the blending of said graft copol- 
ymer in a polycarbonate resin is disclosed in JP-B-6-27254. A method involving the blending of the graft copolymer in 
a polyester resin/polycarbonate resin is disclosed in JP-B-7-30163. Further. JP-B-7-42339 discloses a method involv- 
ing the blending of a graft copolymer obtained by bulk graft polymerization of an epoxy monomer wrth an ethylene-pro- 
pylene copolymer or ethylene-propylene-nonconjugated diene copolymer in a polyester resin or the like. All these 

30 proposals are intended to make an attempt to improve the impact resistance and weldability of thermoplastic resins. 
However, these proposals leave something to be desired in the effect of improving these properties. 

International Patent Application No WO8604076 proposes a method involving the blending of a giycidyl methacr- 
ylate-modified ethylene-propylene-nonconjugated diene copolymer in a polyester or polyamide resin. U.S. Patent No. 
5 349 027 proposes the blending of a polyolefin resin modified with a specific epoxy monomer in a polyester resin. 

35 pi)lya^nide resin or polycarbonate resin. However, these proposals are not intended to improve the weldability of such 
a resin conposition. These proposals are also disadvantageous in that since a giycidyl compound reactive with a pol- 
yester resin, etc. is used to modify such a resin composition, the fluidity of such a resin composition is deteriorated 
although the compatibility of such a resin composition can be enhanced. Thus, these proposals leave something to be 
desired. 

40 None of the foregoing proposals with respect to known epoxy-modif led polyolefinic resin has no reference to poly- 
olefin produced by the specific production process of the present application. Thus, these proposals provide little or no 
improvements in fluidity weldability, impact resistance, etc., which are properties to be improved herein. 

On the other hand, it has been attempted to blend a polyolefin resin produced in the presence of a catalyst having 
a specific structure (single site catalyst) such as metallocene catalyst and geometrically restrained catalyst in a thermo- 

45 plastic resin. For example, U.S. Patent No 5.416.148 proposes the blending of an ethylenic polymer produced in the 
presence of a single site catalyst in a polycarbonate resin. However, the compatibility of the two resins with each other 
is not always sufficient. Thus, this proposal leaves much to be desired in improvement of weldability 

It is therefore an object of the present invention to provide a resin composition well-balanced in various properties 
such as fluidity, weldability and impact resistance made of a thermoplastic resin and a graft-modified polyolefinic resin 

so obtained by adding a giycidyl group-containing compound or a giycidyl group-containing compound and a vinyl mono- 
mer to a specific polyolefinic resin. 

ni.ciCI nSlJRE OF THE INVENTION 

55 The inventors have conducted extensive studies with the aim of solution to the foregoing problems. As a result, it 
was found that the foregoing object of the present invention can be accomplished with a resin composition composed 
of a thermoplastic resin and a graft-modified polyolefinic resin obtained by the reaction of a specific polyolefinic resin 
with a giycidyl group-containing compound or a giycidyl group-containing compound and a vinyl monomer in the pres- 



2 



BNSDOCID: <EP_08660eiA1_l_> 



EP 0 866 081 A1 



ence of a radical polymerization initiator, thereby resulting in the accomplishment of the present invention. 

The first aspect of the present invention concerns a graft-modified potyolefinic resin, which is produced by the 
polymerization of (a-1 ) 1 00 parts by weight of a polyolefinic resin prepared in the presence of a single site catalyst with 
(a-2) from 0.1 to 30 parts by weight of a compound (a-2a) containing a glycidyl group represented by the following for- 
mula (I): 



R 



CH,=C— C— N — CHi — Ar 

II I 
0 H 



(I) 



wherein Ar represents a €5.23 aromatic hydrocartx)n group bonded to at least one glycidyloxy group; and R represents 
a hydrogen atom or a methyl group and/or a compound (a-2b) containing a glycidyl group composed of an unsaturated 
glycidyl ester in the presence of (a-4) a radical polymerization initiator in an amount of from 0.001 to 10 parts by weight 
based on 100 parts by weight of the component (a-2). 

The second aspect of the present invention concerns a graft-modified potyolefinic resin, which is produced by the 
polymerization of (a-1) 100 parts by weight of a polyolefinic resin prepared in the presence of a single site catalyst with 
(a-2) from 0.1 to 30 parts by weight of a compound (a-2a) containing a glycidyl group represented by the following for- 
mula (I): 



R 



CH2=C— C— N— CH2 — Ar 
I 



(I) 



0 H 



wherein Ar represents a C6.23 aromatic hydrocarbon group bonded to at least one glycidyloxy group: and R represents 
a hydrogen atom or a methyl group and/or a compound (a-2b) containing a glycidyl group composed of an unsaturated 
glycidyl ester and (a-3) from 1 to 500 parts by weight of a vinyl monomer in the presence of (a-4) a radical polymeriza- 
tion initiator in an amount of from 0.001 to 10 parts by weight based on 100 parts by weight of the sum of the weight of . 
the components (a-2) and (a-3). 

The third aspect of the present invention concerns a thermoplastic resin conrposition comprising (A) from 1 to 99% 
by weight of a graft-modified polyolefinic resin according to the foregoing first or second aspect of the present invention 
and (B) from 1 to 99% by weight of at least one thermoplastic resin selected from the group consisting of polyester 
resin, polyamide resin and polycart^nate resin. 

The fourth aspect of the present invention concerns a thermoplastic resin composition produced by blending (C) 
from 1 to 100 parts by weight of an unmodified polyolefinic resin in (D) 100 parts by weight of a thermoplastic resin com- 
position according to the foregoing third aspect of the present invention. 

The fifth aspect of the present invention concerns a thermoplastic resin composition produced by blending from 1 
to 100 parts by weight of an aromatic vinyl resin in (D) 100 parts by weight of a thermoplastic resin composition accord- 
ing to the foregoing third or fourth aspect of the present invention. 

The sixth aspect of the present invention concerns a thermoplastic resin composition produced by blending (E) 
from 1 to 100 parts by weight of a filter in (D) 100 parts by weight of a thermoplastic resin composition according to the 
foregoing third, fourth or fifth aspect of the present invention. 

BEST MODE FOP CARRYING OUT THE INVENTION 

The polyolefinic resin (a-1) to be used herein is produced in the presence of a single site catalyst. 

The single site catalyst employable herein is a catalyst having uniform active points such as metallocene catalyst 
having one or more cyclopentadienyl skeletons such as cyclopentadienyi and substituted cydopentadienyl disclosed in 
JP-B-4-12283, JP-A-60-35006 (The term "JP-A" as used herein means an "unexamined published Japanese patent 
application"). JP-A-60-35007. JP-A-60-35008. JP-A-63-280703. JP-A-3-1 63088 and U.S. Patent No. 5,272,236 and 
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geometrically restrained catalyst. Examples of metal atoms which can be preferably incorporated in these catalysts 
include titanium, zirconium, and hafnium. ^^i^^i^^wi 
iLmoles of the metallocene catalyst employable herein include zirconium compounds such as cydopentadienyl 

0 ^^SSu^klhSand hafnium conpou^s such as bis(c,clop^a<ieh^)ha«.ium <lcHo«te and b=<cclopsnB. 

amona these conriounds is methyl alumoxane or tris(pentafluorophenyl)boran. v.h* to 

luiditv and workability and ill-balanced mechanical properties. The molecular weight distribution can be directly noeas 

Mw/Mn^(lio/l2)-4-63 ("^ 

If 1 n/l, value falls below the above defined range, the resulting polyolef inic resin exhibits a deteriorated shear r^nse 
a d^encta dTerto^^^^^ or work^ilrty. The melt flow ratio and molecular weight disnbuton represented by 

the foreooina formula (II) are desirable from the standpoint of balance in mechanical propertes, etc. 

^e SS^Trel (a-1) to be used herein also has a narrow molecular weight distributon and a high shear 
. respTnL'^^l^^u.t a ^^^^^^^ POlyolefinic resin ha>.ng excellent fluidrty and formabi.ity/worKat.my as w^l as a 

good dispersibility in a thermoplastic resin can be obtained. « »,=,n n rs n/rm^ 

The density of the polyolefinic resin (a-1) is not more than 0.95 g/cm^. preferably not more than aSSg/cm . 

IS;?™^co^sLtingthepo,Uinicresin(a-1)ofthe^^^^^^ 
such as ethylene propylene. 1-butene. isobutene. 1-pentene, 1-hexene. 4-methyl-1 -pentene, 1-heptene. l-oc^ne ^ 
« nc^ene iScene^^^ 1-tridecene. i-tetradecene and 3-methy.-1^utene. These monomers may be used sin- 

ta^t " e^enically unsaturated monomers copolymerizable with the foregoing a-o.efin include dienes, eth- 

ylenically unsaturated nitrile compounds, and unsaturated ^iP^'^^^f"^^^'^^*^,;;'"^' preferably a 
A preferred combination of these monomers is a copolymer of ethylene with a C3.10 a-olefm more Preferaoiy a 
so cop^ymel^l^ene wrth at leas, one a-o.efin selected from the group consisting of l'^^^-'^^^^^^^^^ 

nontono and 1 -octene A coDolymer of ethylene with 1 -oclene is most preferred from the standpoint of the tiuiany ana 

Shirty dtheClA^^a^^^ 

r^nTa'l) a terpo^U^of ethylene with a C3.10 -olefin and a nonconjugated diene, particularly a terpolymer of eth- 

incline Xlene-octene copolymers commercially available from The Dow Chemical Company (e.g.. ENGAGE 
'"^^Se forS gly°Sroup<ontaining compound (a-2) for use in the modHic^tion of the polyolefinic re^n (a-1) is 
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an important constituent of the present invention. As such a compound there may be preferably used a compound (a- 
2a) containing a glycidyl group represented by the following formula (I): 



CHa=C— C— N— CHj — Ar 

II i ' 
0 H 



(I) 



wherein Ar represents a 05.23 aromatic hydrcx:arbon group bonded to at least one glycidyloxy group; and R represents 
a hydrogen atom or a methyl group, a compound (a-2b) containing a glycidyl group made of an unsaturated glycidyl 
ester, or a mixture of the compound (a-2a) containing a glycidyl group represented by the formula (I) and the compound 
(a-2b) containing a glycidyl group composed of an unsaturated glycidyl ester. 

The compound containing a glycidyl group represented by the formula (I) is derived from a connpound containing 
one acrylamide group and one glycidyl group per molecule. The term "acrylamide group"* as used herein is meant to 
indicate methacrylamide group besides acrylamide group. 

Such a compound can be produced by e.g., a method as disclosed in JP-A-60-1 30580. In some detail, an aromatic 
hydrocarbon containing at least one phenolic hydroxyl group and N-methylolacrylamide or N-methylolmethacrylamide 
are allowed to undergo condensation in the presence of an acidic catalyst to give a condensation product the hydroxyl 
group of which is then glyddylated wrth epihalohydrin to obtain a desired compound. As the foregoing aromatic hydro- 
carbon containing at least one phenolic hydroxyl group there may be used a C6.23 phenol compound. Specific examples 
of the phenol compound include phenol, cresol. xylenol, carvacrol. thymol, naphthol. resorcin, hydroquinone. pyrogallol, 
and phenanthrol. Preferred among these phenol compounds is a monovalent phenol containing an alkyi substituent. 

For example, if as starting materials there are used 2, 6-xylenol and N-methyldaaylamide. a compound repre- 
sented by the following formula (III): 



H .CH 



CH2=C— C— N— CHzHJO)— 0 — CHt — CH — CH, (^^I) 

II I ^ V 

0 H ^CHj 0 



can be obtained. 

If as starting materials there are used ortho cresol and N-methylolacrylamide, a corrpound represented by the fol- 
lowing formula (IV): 



H 

CH2==C — C— N— CH2-^(Q)— 0 — CHj — (IV) 
II I vri/ \ / 



0 H 0 



can be obtained. 

Particularly preferred among these compounds is the compound represented by the formula (III). 

Examples of the compound (a-2b) containing a glycidyl group composed of an unsaturated glycidyl ester employ- 
able herein include glycidyl acrylate. glycidyl methacrylate, monoglycidyl ester and diglyddyl ester of itaconic add. 
monoglycidyl ester, digtycidyl ester and trtglycidyl ester of butenetricart»>xylic acid, monoglycidyl ester and diglycidyl 
ester of citraconic acid, monoglycidyl ester and diglycidyl ester of endo-cis-bicyclo[2,2,1]hepto-5-ene-2.3-dicart)oxylic 
acid, monoglycidyl ester and diglyddyl ester of endo-ds-bicydo[2,2.1]hepto-5-ene-2-methyl-2.3-dicartx>xylic add, 
monoglycidyl ester and diglycidyl ester of allylsuccinic acid, and glyddyl ester of p-styrenecarboxylic acid. These com- 
pounds may be used singly or in combination. Preferred among these compounds is glycidyl methacrylate from the 
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viewpoint of cost and graft-polymerizability wfth the poiyolefinic resin (a-1). 

The amount of the compound (a-2) represented by the formula (1) or the unsaturated glycidyl es^Mo be used^ 
the present invention is from 0.1 to 30 parts by weight, preferably from 0.5 to 30 parts by weigh based on 100 parts ^ 
weight of the poiyolefinic resin (a-1). If the amount of the compound (a-2) or the unsaturated glycdyl ester to be used 
exceeds the above defined range, the resulting resin composition exhibits deteriorated mechanical prope t.^ and flu- 
idity. On the contrary, if the amount of the compound (a-2) or the unsaturated glycidyl ester to be used below ttie 
above defined range, the resulting effect of modifying and compatibilizing the resin is insuffK;.ent. Referring to *ie mix- 
ing ratio of the compound (a-2a) containing a glycidyl group represented by the formula (I) and the compound (a-2b) 
containing a glycidyl group composed of an unsaturated glycidyl ester, if used in admixture as component (a-2) the 
sum of the amount of the two glycidyl group-containing compounds is from 0.1 to 30 parts by weight, preferably from 

°^ The SV^ToTthe compound (a-2b) containing a glycidyl group composed of an unsaturated glycidyl esterin 
the mixture is from 1 to 1 ,000 parts by weight, preferably from 1 to 500 parts by weight, more preferably from 10 to 500 
parts by weight, based on 100 parts by weight of the compound (a-2a) containing a glycidyl group r^reserted by *e 
formula (I). If this mixing ratio exceeds the above defined range, the resulting resin composition exhibits a deteriorated 
fluidity. On the contrary, if this mixing ratio falls below the above defined range, the resulting resin composition tends to 
be ill-balanced in physical properties such as mechanical properties. , , . 

The graft-modified poiyolefinic resin according to the present invention comprises the foregoing poiyolefinic resin 
(a-1) and glycidyl group-containing compound (a-2). The graft-modified poiyolefinic resin may further comprise a vinyl 
monomerincorporated ttierein as a component (a-3). The vinyl monomer (a-3) is desirable because rt can inhibit the 
break or nonuniform graft polymerization of main chain poiyolefinic resin. 

Examples of the vinyl monomer (a-3) to be used in the present invention include aromatic vinyl compound such as 
styrene. o-methylstyrene. p-methylstyrene. m-methylstyrene. a-methylstyrene, ^'"y'^'^ene ^"^^ f 7">^''^^"^f 
methacrylic acid alkyi ester such as methyl methacrylate. ethyl methacrylate. i-propyl methacrylate. n-butyl methacr- 
vlate t-butyl methacrylate. allyl methacrylate. 2-ethylhexyl methacrylate and stearyl methacrylate. C1.22 acrylic acid 
alkyI ester such as methyl acrylate. ethyl acrylate, i-propyl acrylate, n-butyl acrylate. t-butyl acrylate. 2-ethyJ>exyl acr- 
vlate and stearyl acrylate. C1.22 vinyl alkyI ether such as vinyl methyl ether, vinyl ethyl ether, vinyl-n-propylether, vinyl- 
i-propylether, vinyl-i-butylether. vinyl-n-amylether, vinyl-i-amylether. vinyl-2-ethylhexylether and vinyl octadecyl ether, 
unsaturated nitrile compound such as acrylonitrile and methacrylonitrile. unsaturated anriino compound such as acryla- 
mide and methacrylamide, maleic add di-alkylester such as maleic di-n-amylester, maleic aad di-n-butylesler. maleic 
acid di-i-amylester. maleic acid i-butylester. maleic acid dimethylester. maleic acid di-n-propylester. maleic acid 
octylester and maleic acid dinonylester. Cs allyl alkyI ether such as allyl ethyl ether and allyl-n-octyl ether, d'ene com- 
pounds such as dicyclopentadiene. butadiene, isoprene, chloroprene. phenylpropanediene. cyclopentadiene^ 1 .5-nor- 
bornadiene. 1 .3-cyclohexadiene. 1. 4-cyclohexadiene. 1 .5-cyclohexadiene and 1.3-cyclooctadiene and other vinyl 
monomers such as acrylic acid, methacrylic acid, maleic add. maleic anhydride and vinyl acetate. These vinyl mono- 
mers may be used singly or in combination. 

Preferred among these compounds are styrene. a-methylstyrene. butyl acrylate. methyl methacrylate. allyl meth- 
acrylate vinyl acetate, acrylonitrile. and a mixture of two or more thereof from the viewpoint of cost, copolymenzability 
with the'compound (a-2) containing a glycidyl group represented by the formula (I) and/or a compound containing a gly- 
I ddyl group composed of an unsaturated glycidyl ester, graft-polymerizability with the poiyolefinic resin (a-U etc. 

The mixing ratio of the vinyl monomer (a-3) is from 1 to 500 parts by weight, preferably from 1 to 200 parte by 
weight more preferably from 1 to 100 parts by weight, based on 100 parts by weight of the poiyolefinic resin (a-1)^lf 
this mixing ratio exceeds the above defined range, the polymerization of a vinyl monomer with another may be the 

majority of the reaction. 00 «,^*h„i 

i Examples of the radical polymerization initiator (a-4) employable herein include organic peroxides sudi as methyl 
ethyl ketone peroxide, di-t-butyl peroxide. 1.1-bis(t-butylperoxy)-3.3.5-trimethylcydohexane, n-butyl-M-b.s(t-butylper- 
oxy)valerate. 2.5-dimethylhexane-2.5-dihydroperoxide. a.a'-bis(t-butylperoxy-m-isopropyl)benzene. 2.5-dimetiiyl-2.5- 
di(t-butylperoxy)hexane. 2.5-dimethyl-2,5-di(t-butylperoxy)hexyne-3 and benzoyl peroxide, and azo compounds sudi 
as 1 r-azobi8(cydohexane-1-cart)onitrile). 1[(1-cyano-1-methylethyl)azo]foramide. 2-phenylazo-4-methoxy-2.4-dime- 
0 thyl-valeronrtrile. 2.2-azobis(2-methyl butyronitrile). 2.2'-azobisisobutyronitrile. 2,2'-azobis(2, 4.4-tnmethylpentan^ 
2 2'-azobis(2-acetoxypropane) and 2.2'-a2obis(2-2-acetoxybutane). These radical polymerization initiators may be 
used singly or in combination. Desired radical polymerization initiators can be properly selected from these compounds 
depending on the graft polymerization conditions or the molecular weight, viscosity, etc. of the polymer thus obtained^ 
The amount of the foregoing radical polymerization initiator (a-4) to be used is from 0.001 to 10 parts by weight. 
5 preferably from 0.05 to 3 parts by weight, based on 100 parts by weight of the sum of the amount of the compound (a- 
2) containing a glycidyl group represented by the formula (1) and/or a compound containing a glycidyl group composed 
of an unsaturated glycidyl ester and the vinyl monomer (a-3). If the amount of the foregoing radical poh^rnenzaton ini- 
tiator (a-4) to be used exceeds the above defined range, excessive crosslinking causes remarkable thid<ening or the 
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break of main chain causes remarkable drop of molecular weight. On the contrary, if the amount of the foregoing radical 
polymerization initiator (a-4) to be used falls below the above defined range, the polymerization system undergoes 
insufficient polymerization. 

Specific examples of the polymerization method for the production of the graft-modified polyolefinic resin (A) 

5 according to the present invention include a method which comprises preparing an aqueous suspension containing a 
component (a-1), a connponent (a-2) and a component (a-4), impregnating the component (a-1) with the component (a- 
2) in the aqueous suspension, and then allowing the component (a-2) to undergo polymerization, and a method which 
comprises preparing an aqueous suspension containing a component (a-1 ). a component (a-2). a component (a-3) and 
a component (a-4), impregnating the connponent (a-1) with the components (a-2) and (a-3) in the aqueous suspension. 

10 and then allowing the connponents (a-2) and (a-3) to undergo polymerization. 

The proportion of the components (a-1), (a-2), (a-3) and (a-4) in the aqueous suspension are from 0.1 to 30 parts 
by weight, preferably from 0.5 to 25 parts by weight based on 1 00 parts by weight of the component (a-1 ), from 0 to 500 
parts by weight, preferably from 1 to 500 parts by weight, more preferably from 1 to 100 parts by weight based on 100 
parts by weight of the connponent (a-1). and from 0.001 to 10 parts by weight, preferably from 0.05 to 5 parts by weight 

15 based on 100 parts by weight of the sum of the amount of the components (a-2) and (a-3). respectively. 

In the foregoing production process, the addition of the vinyl monomer as the connponent (a-3) is desirable because 
it facilitates uniform penetration of the component (a-2) into the component (a-1 ) and uniform graft polymerization of the 
component (a-2) with the component (a-1). However, if the proportion of the connponent (a-3) exceeds the above 
defined range, the polymerization of a vinyl monomer with another may be the majority of the reaction, possibly causing 

20 deterioration of mechanical properties. 

Other examples of the polymerization process for the production of the graft-modified polyolefinic resin (A) include 
a process which connprises mixing the components (a-1). (a-2) and (a-4). and then subjecting the mixture to melt 
kneading by means of a heat kneader such as extruder to allow the component (a-2) to be polymerized with the com- 
ponent (a-1). and a process which connprises mixing the components (a-1), (a-2), (a-3) and (a-4). and then subjecting 

25 the mixture to melt kneading by means of a heat kneader such as extruder to allow the components (a-2) and (a-3) to 
be polymerized with the component (a-1 ). 

Referring to the proportion of the components (a-1). (a-2), (a-3) and (a-4) in this case, the proportion of the com- 
ponents {a-2). (a-3) and (a-4) are from 0.1 to 30 parts by weight, preferably from 0.5 to 25 parts by weight based on 100 
parts by weight of the connponent (a-1), from 0 to 100 parts by weight, preferably from 1 to 100 parts by weight, more 

30 preferably from 1 to 50 parts by weight based on 1 00 parts by weight of the component (a-1 ), and from 0.001 to 1 0 parts 
by weight, preferably from 0.05 to 5 parts by weight based on 100 parts by weight of the sum of the amount of the com- 
ponents (a-2) and (a-3), respectively 

In this production process, too, the addition of the vinyl monomer as the component (a-3) facilitates uniform graft 
polymerization of the connponent (a-2) with the component (a-1). However, if the proportion of the component (a-3) 

35 exceeds the above defined range, excess vinyl monomer can be distilled off, possibly causing the generation of offen- 
sive odor or deterioration of mechanical properties. 

Examples of polyester resin as one of the thernnoplastic resins (B) employable herein include polymer or copolymer 
obtained by the condensation reaction of an aromatic dicartx>xylic acid or ester-forming derivative thereof with a diol or 
ester derivative thereof as main connponents. and ring opening polymerization product of lactone. These polyester res- 

40 ir^ may be used singly or in connbination. 

Examples of the foregoing aromatic dicartx)xylic acid include terephthalic acid, isophthalic acid, phthalic add. 2.6- 
naphthalenedicart>oxylic acid. bis(p-cartK)xyphenyl)methane, anthracenedicarboxylic acid, 4.4'-diphenyldicartx)xylic 
acid, 4,4'-diphenyletherdicarboxylic acid, and ester-forming derivative thereof. These aromatic dicartroxylic adds may 
be used singly or in combination. 

45 Examples of the foregoing diol component include C2.10 aliphatic diol such as ethylene glycol, 1 ,3-propanediol. 1 .4- 
butanediol. neopentyl glycol, 1 ,5-pentanediol, 1.6-hexanediol. 1 ,8-octanediol and cydohexanediol. and long-chain gly- 
col having a molecular weight of from 400 to 6.000 such as polyethylene glycol, poly-1 .3-propylene glycol and polyte- 
tramethylene glycol. These diol connponents nnay be used singly or in connbination. 

Specific examples of the polyester resin of the present invention indude polyethylene terephthafate, potypropylne 

50 terephthalate. polybutylene terephthalate, polyhexamethylene terephthalate, arxJ polyethylene-2,6-naphthalate. These 
polyester resins may be used singly or in combination. Preferred among these polyester resins are polyethylene tereph- 
thalate, polybutylene terephthalate, and mixture thereof from the viewpoint of balance of mechanical properties, heat 
resistance and workability. 

The polyamide resin as one of the thermoplastic resins (B) to be used in the present invention is normally referred 
55 to as "nylon". Any polyamide resin may be used without any restriction so far as it has an acid amide bond (-CONH-) as 
a repeating unit. Specific examples of the polyamide resin include polymer obtained by the condensation reaction of 
aliphatic amino acid, lactam, diamine and dicart)oxylic acid as main connponents, and copolymer polyamide comprising 
the foregoing aliphatic component having a small amount of an aromatic component or other aliphatic components 
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incorporated therein. • ^ ^ <o 

Examples of the foregoing aliphatic amino acid include 6-aminocaproic acid. 1 1-aminoundecanoic acid, and 12- 

aminododecanoic acid. These aliphatic amino acids may be used singly or in combination. 

Examples of the foregoing lactam include e-caprolactam, and o-laurolactam. These lactams may be used singly or 

TxaS'es of the foregoing diamine include tetramethylenediamine. hexamethylenediamine. undecamethylenedi- 
amine, and dodecamethylenediamine. These diamines may be used singly or in combination. 

Examples of the foregoing dicarboxylic acid include adipic acid, azelaic acid, sebacic acid, dodecanedioic acid, and 
diglycolic acid. These dicartwxylic acids may be used singly or in combination. 

Specific examples of the foregoing polyamide resin include polycaprolactam (nyion-6). polyhexamethylene adipa- 
mide (nylon-66). nylon-610. polytetramethylene adipamide (nylon-46). polydodecaneamide (nylon-12). nylon-9. and 
nvlon-11 A copolymer or mixture of two or more of these polyamide resins may be used. 

Examples of the polycarbonate resin as one of the thermoplastic resins (B) to be used herein Include aromatic poly- 
cartx)nate resin, aliphatic polycarbonate resin, and aliphatic-aromatic polycarbonate resin. Preferred among these 
Dolycarbonate resins is aromatic polycarbonate resin. ^ -.^^ 

An aromatic polycarbonate resin is normally produced by the reaction of an aromatic dihydroxy compound v«th a 

''*'*ESet^'«S*e foregoing aromatic dihydroxy compound include bisphenols such as 2,2-bis(4-hydroxyphenyl)pro- 
pane (commonly known as "bisphenol A"). bis(4-hydroxyphenyD methane, 2,2-bi5(4-hydroxy-3,5<fimethylphenyl)pro- 
pane, 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane and 2,2-bis(4-hydroxy-3-methylphenjJJ)ropane^^^^^^ 
phenolethers such as bis(4-hydroxyphenyl)ether and bis(3,5<lichloro-4-hydroxyphenyl)ether, '^^'^^^f^^^l^ 
as pp'-dihydroxydiphenyl and 3.3'-dichloro-4.4'^ihydroxydiphenyl. dihydroxyarylsulfones such as bis(4-hydroxyphe- 
nylfsulfone and bis(3.5^lmethyl-4-hydroxyphenyl)sulfone. dihydroxybenzenes such as 

halo- or alkyl-substituted dihydroxybenzenes such as 1 .4-dihydroxy-2.5-dichtorobenzene and 1-4<''Mroxy-3-meth^- 
benzene and dihydroxydiphenyl sulfides and dihydroxydiphenyl sulfoxides such as bis(4-hydroxyphenyl) suHide bis(4- 
hydroxyphenyl) sulfoxide and bis(3.5-dibromo-4-hydroxyphenyl) sulfoxide. These compounds may be used singly or in 
combination. Prefenred among these compounds is bisphenol A. ^^^.^ 

Examples of the foregoing carbonate precursor include carbonyl halides such as phosgene, carbonyl esters such 
as diphenyl carbonate, and haloformates. These carbonate precursors may be used singly or in combination. 

The polycarbonate resin to be used herein may be partially branched. For example, the polycarbonate resin may 
be a thermoplastic random branched polycarbonate resin obtained by the reaction of a polyfunctional aromatc com- 
pound with a divalent phenol and a carbonate precursor. Further, the polycarbonate resin may be a mixture of a 
straight-chain polycarbonate and a branched polycarbonate. ^ ^ „u- «„u,,^,wa 

Examples of the polyfunctional aromaticcompoundinclude1.1,1-tri(4-hydroxyphenyOetha^^^^^ 

trimellitic acid. trimelUtoyI trichloride. 4-chloroformylphthalic anhydride, pyromellitic acid, pyromellitic dihydride. rnellrtic 
acid, mellitic anhydride, trimesic acid, benzophenonetetracarboxylic acid, and benzophenonetetracarboxylic anhydride. 
These polyfunctional aromatic compounds may be used singly or in combination. . 

The mixing ratio of the graft-modified polyolefinic resin as the component (A) and the thermoplastic resin as the 
component (B) are from 1 to 99% by weight and from 99 to 1% by weight, respectively 

if the mixing ratio of these components exceeds the above defined range, the resulting resin composition does not 
have the properties of the components (A) and (B) in combination but substantially comprises a single one of the two 

""^heTJsin composition of the present invention may comprise a catalyst incaporated therein for enhancing the 
reactivity of the graft-modified polyolefinic resin (A) with the thermoplastic resin (B). 

The foregoing catalyst is not specifically limited. In general, one or more compounds can be selected in combina- 
tion from the group consisting of compounds which accelerate the reaction of carboxylic acid, hydroxyl group or ester 
group with glycidyl group. Preferred examples of such a compound include amine compounds such as tertiary arriine 
and quaternary ammonium salt, phosphorus compounds such as phosphonium salt and phosphine. and '"i-^ol^. 
Such a compound may be used in an amount of from 0.001 to 2 parts by weight based on 100 parts by weight of the 

im^prSes7tor fhe production of the resin composition of the present invention is not specifically limited so far as 
the reaction of the component (A) with the component (B) occurs. In practice, however, the production process prefer- 
ably involves melt-kneading of various starting materials in a kneader. As the kneader there may be used an extruder, 
a Banbury mixer, a mill, a kneader or a heated roll, singly or in combination. In order to produce the resin composition 
at a low cost, a single screw or multiple screw extruder is preferably used. 

Examples of the unmodified polyolefinic resin (C) to be used herein include homopolymer or copolymer of one or 
more selected in combination selected from the group of monomers such as ethylene, propylene. 1-butene 1 -perrtene. 
1-hexene 1-octene. isobutene. butadiene, isoprene, chloroprene. phenylpropadiene. cydopentadiene. 1.3-cyclohexa- 
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diene, 1,4-hexadiene, 1,3-octadiene, 1,5-cyclooctadiene, methylene norbornene, 1,5-norbornadiene, ethylidene nor- 
bornene, a, (D-nonconjugated dienes. vinyl acetate and ethyl acrylate. The unmocfified polyolefinic resin (C) may be a 
mixture of two or more of these homopolymers or copolymers. As the unmodified polyolefinic resin (C) there may be 
also used a polyolefinic resin produced in the presence of the single site catalyst (a-1) for use in the production of the 

5 graft-modified polyolefinic resin (A). 

Prefen-ed among these unmodified polyolefinic resins are propylene homopolymer, propylene-ethylene copolymer, 
ethylene homopolymer. ethylene-propylene copolymer, ethylene-butene copolymer, ethylene-hexene copolymer, ethyi- 
ene-octene copolymer, ethylene-propytene-nonconjugated diene copolymer, ethyiene-vinyl acetate copolymer, and 
ethylene-ethyl aaylate copolymer. 

10 Specific examples of the nonconjugated diene in the ethylene-propylene-nonconjugated cfiene copolymer include 
dicydopentadiene. 1.4-hexadiene, 1,4-heptadiene, 6-methyl-1 ,5-heptadiene. 1,5-cyclooctadiene, 2.5-norbornadiene, 
2-methyl-2.5-norbornadiene, 5-methylidene-2-nort>ornene, 5-ethylidene-2-nort>ornene, 5-n-propylidene-2-norbornene, 
5-isopropylidene-2-nort>ornene. 5-n-butylidene-2-nortx)rnene, 5-isobutylidene-2-nortx)rnene, methyltetrahydrolndene, 
and limonene. These nonconjugated dienes may be used singly or in combination. 

15 The mixing ratio of the unmodified polyolefinic resin (C) is from 1 to 100 parts by weight, preferably from 2 to 50 
parts by weight, based on 100 parts by weight of the thermoplastic resin composition (D) comprising (A) from 1 to 99% 
by weight of the graft-modified polyolefinic resin and (B) from 1 to 99% by weight of at least one thermoplastic resin 
selected from the group consisting of polyester resin, polyamide resin arxj polycartx5nate resin. If the mixing ratio of the 
unmodified polyolefinic resin (C) exceeds the above defined range, the compatibility of the unmodified polyolefinic resin 

20 (C) with the thermoplastic resin (B) is deteriorated, providing a resin composition ill-balanced in mechanical properties, 
surface properties, fluidity, etc. 

The method and order of mixing the unmodified polyolefinic resin (C) are not specifically limited. Various methods 
and orders may be employed. 

Referring to the mixing method, various starting materials is preferably melt-kneaded in a kneader As the knead er 

25 there may be used an extruder, a Banbury mixer, a mill, a kneader or a heated roll, singly or in combination. In order to 
produce the resin composition at a low cost, a single screw or multiple saew extruder is preferably used. 

Examples of the order of mixing include (i) a method which comprises simultaneous charging of the components 
(A). (B) and (C) into the foregoing kneader where they are then collectively kneaded, (ii) a method which comprises 
simultaneous charging of the components (A) and (B) into an extruder, and then charging the component (C) into the 

30 extruder at the middle point of the ban-el where they are then kneaded, (iii) a method which comprises simultaneous 
charging of the components (A) and (C) into an extruder, and then charging the component (B) into the extruder at the 
middle point of the barrel where they are then kneaded, (iv) a method which comprises simultaneous charging of the 
components (B) and (C) into an extruder, and then charging the conrponent (A) into the extruder at the middle point of 
the barrel where they are then kneaded, (v) a method which comprises simultaneously charging the components (B) 

35 and (C) into a kneader, withdrawing the mixture as a master batch from the kneader, and then kneading the master 
batch with the conrtponent (A), (vi) a method which comprises kneading a master thatch comprising the components (A) 
and (B) with the component (C). and (vii) a method which comprises kneading a master batch comprising the compo- 
nents (A) and (C) with the component (B). 

The aromatic vinyl resin to be used herein is one obtained by the copolymerization of at least one compound 

40 selected from the group consisting of unsaturated aromatic compound, unsaturated cyan compound and unsaturated 
cart>oxylic acid ester compound in the presence or absence of a rubber polymer. 

As the foregoing rubber polymer there may be used a rubber such as ole^inic rubber and silicone rubber. A diene 
rubber containing diene in an amount of not less than 50% by weight or an acrylic add ester rubber is particularly pre- 
ferred. These rubber polymers may be used singly or in combination. Examples of the diene rubber employable herein 

45 include polybutadiene, acrylonitrile-butadiene copolymer, styrene-butadiene copolymer, and butyl acrylate-butadiene 
copolymer. Examples of the acrylic acid ester rubber ennployable herein include polybutyl acrytate rubber. These diene 
rubbers and acrylic add ester rubbers may be used singly or in connbination. 

Examples of the unsaturated aromatic compound employable herein include styrene, o-methylstyrene. p-methyl- 
styrene, m-methylstyrene, a-methylstyrene, and divinylbenzene. Exanrtples of the unsaturated cyan compound employ- 

50 able herein include acrylonitrile. and methacrytonitrile. Examples of the unsaturated carboxylic add ester compound 
include methacrylic add alkyl ester such as methyl methacrylate. ethyl methacrylate. i-propyl methacrylate. n-butyl 
methacrylate, t-butyl methacrylate. 2-ethylhexyl methacrylate, allyl methacrylate and stearyi methacrylate, and acrylic 
acid alkyl ester such as methyl acrylate. ethyl acrylate, i-propyl acrylate, n-butyl acrytate, t-butyl acrylate. 2-ethylhexyl 
acrylate and stearyi acrylate. These conrpounds may be used singly or in combination. Further, other monomers copo- 

55 lymerizable with these compounds may be used as well. 

Specific examples of the aromatic vinyl resin employable herein include ABS resin. AS resin, MABS resin, MBS 
resin. AAS resin, AES resin, acrylonitrile-butadiene-styrene-a-methylstyrene copolymer, acrylonitrile-methyl methacr- 
ylate-butadiene-styrene-a-methylstyrene copolymer, polystyrene, styrene-a-methylstyrene copolymer, HIPS resin. 
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methvl methacrylate-styrene copolymer, styrene-maleimide copolymer. styrene-N-substituled maleimide copolymer. 
S^nitife^buE^^ copolymer, acrylonitrile-meth^ "'''^^'T'^tZVa 

SnVa me^S^ copo'v^er. styrene-butadiene-styrene block copolymer. styrene-.so- 

Tene JS^ne Srcopol^^^^^ styrene-ethyler,e-buter,e-styrene block copolymer. ^y^^-^'^^'^'Z?^'''^:^^^ 
, EcSJ^ymer. styrene-fsobutyiene-styrene block copolymer, and bromated p-methylstyrene-isobutylene copolymer. 
These aromatic vinyl resins may be used singly or in combination. 

Examoles of the filler (E) employable herein include silica, talc, mica, glass fiber, neutral clay, carbon fiber aromatc 
polyaSfbersS caLdefi'^^^^^^ 

an SSunt of from 1 to 1 00 parts by weight, preferably from 5 to 50 parts by weight based on 1 00 parts by weight of the 

,0 resromJosita(D ofthep^^^^^ 

[ng r^rcor^positoi! is ill-balanced in mechanical properties, molding fluidity, etc. On the contrary, if the amount of the 
filler (D) falls below the above defined range, the resulting effect is lower than expected. 

■SI g St^^ifled polyc^efinic resin (A) or resin composition (D) according to the present invention m^^^ompr.^ 
a fire retardant. a pigment, a stabilizer, an oxidation Inhibitor, an antistatic agent, a nucleating agent, a lubricant, etc. 

bisphenol A 2.2-bis(4-hydroxy-3,5-dibromophenyl) propane, hexabromobenzene. tris(2.3-dibromopropyl) .socyanu- 
S 2^ WWroJethoTy-3.5.d-.^^^^^^ propane, decabromodiphenyl oxide bromated .Polyph^^a « 
chtorinated polyphosphate and chlorinated paraffin, phosphorus-based fire reta«lant such as ammoriium phosphate. 
,0 phoSe. triethyl phosphate, trischloroethy. phosphate, tris(p-chloroethyl)phosphate. ^"^''C^'o^^P^^^^^^^^ 

pteS c^sylphenyl phosphate, trisdichloropropyl phosphate, cresylphenyl phosphate. 2:'!:^'''^'""'^ 
acidic ester phosphate and nitrogen-containing phosphorus compound, inorganic fire retardant such as red phospho- 
f,^ SnCe' armonytrio»de.1rconium^^^^^^^^ 

S and high molecular fire reta«lant such as bromated polystyrene, bromated poly-«-methylstyrene bromated 
,5 pdy<i*onate. bromated polyepoxy resin, chlorinated polyethylene, chlorinated poly-a-methylstyrene. chlonnated poly- 
carbonate and chlorinated polyepoxy resin. .««^„„1t«^nnart«;hx/wwnht 
The foregoing fire retaidants may be used, singly or in combination, in an amount of from 1 to 50 parts by we^ht 
oreferablyfromsto 30 parts by weight, based on100 parts by weightdthegraft-modrfiedpolyolefini^ 

co^SonScTt^ 

30 SieTSting resin corSposition is ill-balanced in mechanical properties, molding fluidity, etc. On the contrary, if ttie 
ai^rS tSe^e ret^anl to be used falls below the above defined range, the resuming effect is ^^^^^^ 
The present invention will be further described in the following examples, but the preserrt.nverrt.on shouW n^ 
construed as being limited thereto. Various changes can be made therein without departng from the spirit and scope 

of the present invention. . . . • ^ 

35 All the "parts" and "percentages" as used hereinafter are by weight, respectively, unless othenwise indicated. 

(Production of graft-modified polyolef inic resin) 

Example 1: 

into a sealed pressure reaction vessel were charged 6.000 parts of pure water. 1 .500 parts of an ethylerie<>ctene 
copolymer (ENGAGE EG8200. available from The Dow Chemical Company; octene content: 24% by weight Mcx)n^ 
vi^ty: 8 density . 0.87 g/cm3; Mw/Mn: 2.1 ; melt flow ratio 7.6) produced in the presence f e c«t_ 

alyst ^.8 parts of N-{4-(2.3-epoxypropoxy)-3.5KlimethylbenzyG acrylamide. 93.8 parts of glycidyl methacry^ate. 187^6 

45 ^st^ene. 4.56 parts J 1,1-bis(t-butylperoxy)3.3.5-trimethyteyclohexane. 31.5 parts of ^alc-um ert^rv ph^ 

phate and 0 945 parts of an emulsif ier (Latemul PS®, available from Kao Corp.). These components were tiien strred 
to^^n an STe^us suspension. The aqueous solution thus obtained was stin-ed at a temperature o lOQ-C for 1 hour. 
S^en s3 at a temperature of IIO'C for 3 hours to complete polymerization. The Pa^-culate niater^' 
^ini was washed with water to remove calcium tertiary phosphate and Latemul PS therefrom, and then dned to 

50 Obtain a graft-modified polyolef inic resin (GP01 ). 

Example 2: 

Into a sealed pressure reaction vessel were charged 6.000 parts of pure water. 1 .688 parts of an J'lene<>rtene 
55 copolymer (ENGAGE EG8200. available from The Dow Chemical Company: octene content: 24% by weigh . Mooney 
Sty S density: 0.87 g/cm^; Mw/Mn: 2.1 : melt flow ratio ( Wb): 7.6) produced in the presence of a single srte «.t^ 
37 5 pSs d N-[4-(2 3-epoxypropoxy)-3.5^imethylbenzyll acrylamide. 56.25 parts of glycidyl methacrylate. 93.8 
S of st^^e 4.56 pa,^ <J lT*St-butylperoxy)3.3.5-trimethylcyclohexane. 31.5 parts of calcium tertiary phos- 



10 



•WSDOCID: <EP ^08660eiA1 _!_> 



EP 0 866 081 A1 



phate. and 0.945 parts of an emulsifier (Latemul PS®, available from Kao Corp.). These components were then stirred 
to obtain an aqueous suspension. The aqueous solution thus obtained was stirred at a temperature of 100**C for 1 hour, 
and then stirred at a temperature of 110**C for 3 hours to complete polymerization. The particulate material thus 
obtained was washed with water to remove calcium tertiary phosphate and Latemul PS therefrom, and then dried to 
5 obtain a graft-modified polyolef Inic resin (GP02). 

Example 3: 

Into a sealed pressure reaction vessel were charged 6,000 parts of pure water. 1 ,500 parts of an ethylene-octene 
10 copolymer (ENGAGE EG8100, available from The Dow Chemical Company; octene content: 24% by weight; Mooney 
viscosity: 23; density: 0.87 g/cm^; Mw/Mn: 2.2; melt flow ratio (I10/I2): 10.3) produced in the presence of a single site 
catalyst. 93.8 parts of N-[4-(2.3-epoxypropoxy)-3,5<limethylbenzyO acrytamide. 281.5 parts of styrene. 4.56 parts of 
1 ,1-bis(t-butylperoxy)3.3,5-trimethylcyclohexane, 31 .5 parts of calcium tertiary phosphate, and 0.945 parts of an emul- 
sifier (Latemul PS®, available from Kao Corp.). These components were then stirred to obtain an aqueous suspension. 
15 The aqueous solution thus obtained was stirred at a temperature of 100°C for 1 hour, and then stirred at a temperature 
of 110**C for 3 hours to complete polymerization. The particulate material thus obtained was washed with water to 
remove calcium tertiary phosphate and Latemul PS therefrom, and then dried to obtain a graft-modified polyolefinic 
resin (GP03). 

20 Example 4: 

Into a seated pressure reaction vessel were charged 6.000 parts of pure water, 1 ,500 parts of an ethylene-octene 
copolymer (ENGAGE EG8200, available from The Dow Chemical Company; octene content: 24% by weight; Mooney 
viscosity: 8; density: 0.87 g/cm^; Mw/Mn: 2.1 ; melt flow ratio (ho^y^ ^.6) produced in the presence of a single site cat- 

25 alyst, 93.8 parts of glyddyl methacrylate. 281 .5 parts of styrene. 4.56 parts of 1 ,1-bis(t-butylperoxy)3,3.5-trimethylcy- 
clohexane. 31 .5 parts of calcium tertiary phosphate, and 0.945 parts of an emulsifier (Latemul PS®, available from Kao 
Corp.). These components were then stirred to obtain an aqueous suspension. The aqueous solution thus obtained 
was stirred at a temperature of 100°C for 1 hour, and then stirred at a temperature of 1 10**C for 3 hours to complete 
polymerization. The particulate material thus obtained was washed with water to remove calcium tertiary phosphate 

30 and Latemul PS therefrom, and then dried to obtain a graft-modified polyolefinic resin (GP04). 

Example 5: 

1.700 parts of an ethylene-octene copolymer (ENGAGE EG8100, available from The Dow Chemical Company; 

35 octene content: 24%by weight; Mooney viscosity: 23; density: 0.87 g/cm^; Mw/Mn: 2.2; melt flow ratio (I10/I2): "lO-S) Pro- 
duced in the presence of a single site catalyst, 37.0 parts of N-[4-(2.3-epoxypropoxy)-3,5<iimethylbenzyl]acrylamide 
and 0.5 parts of n-butyl-4.4-bis(t-butylperoxy)valerate were dryblended. The dryblend thus obtained was charged at a 
rate of 15 kg per hour into a twin-screw extruder where it was then melt-kneaded and palletized at a cylinder tempera- 
ture of 200'*C. The material thus pelletized was then dried at a temperature of 45°C for 12 hours to obtain a graft-mod- 

40 ified polyolefinic resin (GP05). 

Example 6: 

1,700 parts of an ethylene-octene copolymer (ENGAGE EG8200, available from The Dow Chemical Company; 

45 octene content: 24% by weight; Mooney viscosity: 8; density: 0.87 g/crvi^; Mw/Mn: 2.1 ; melt ftow ratio (lio/*2)- ^-^) P''^- 
duced in the presence of a single site catalyst, 56.0 parts of glycidyl methacrylate, 102.5 parts of styrene, and 2.5 parts 
of n-butyl-4,4-bis(t-butylperoxy)valerate were dryblended. The dryblend thus obtained was charged at a rate of 15 kg 
per hour into a twin-screw extruder where it was then melt-kneaded and pelletized at a cylinder temperature of 200**C. 
The material thus pelletized was then dried at a temperature of 45**C for 12 hours to obtain a graft-modified polyolefinic 

so resin (GP06). 

Example 48: 

The procedure of Example 4 was followed except that N-[4-(2.3-epoxypropoxy)-3,5-dimethylbenzyI}acrylamide was 
55 used instead of glycidyl methacrylate. Thus, a graft-modified polyolefinic resin (GPOl 1) was produced. 
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The procedure of Example 1 was followed except that as the polyolefinic resin there was used ENGAGE EF8100 
available from The Dow Chemical Company instead of ENGAGE EF8200 available from The Dow Chemical Company. 
Thus, a graft-modified polyolefinic resin (GP012) was produced. 

Comparative Example 1: 

The procedure of Example 1 was followed except that an ethylene-propylene-nonconjugated diene copolymer 
(iodine value: 12; propylene content: 24% by weight; diene component: ethylidene norbornene; Moo^^V °fy^26. 
dSsity- 0 87 g/cm3; Mw/Mn: 4.9) produced in the absence of single site catalyst was used instead of the elhylene- 
octene copolymer. Thus, a graft-modified polyolefinic resin (GP07) was produced. 

Comparative Example 2: 

The procedure of Example 1 was followed except that an ethylene-propylene-nonconjugated diene copolyr^er 
(iodine vie: 12.5; propylene content: 24% by weight: diene component: ethylidene nort>ornene: ^oo^ey viscosrty^eO: 
densrty- 0 86 g/oJ, Mw/Mn: 6.3) produced in the absence of single site catalyst was used instead of the ethylene- 
octene copolymer. Thus, a graft-modified polyolefinic resin (GP08) was produced. 

Comparative Example 3: 

The procedure of Example 4 was followed except that an ethylene-propylene copolymer (propylene content: 2^^ 
by weight^ Mooney viscosr24: density: 0.86 g/cm^; Mw/Mn: 5.1) produced in the absence of single srte catejrst was 
25 Sstead of the ethylene-octene copolymer. Thus, a graft-modified polyolefinic resin (GP09) was produced. 

Comparative Example 4: 

The procedure of Example 6 was followed except that an ethylene-propylene copolymer (propylene conterrt: 26% 
30 by weight Mooney viscosity: 24; density: 0.86 g/cm^; Mw/Mn: 5.1 ) produced in the absence d single srte catatyst was 
uStead^ the ethylene-octene copolymer. Thus, a graft-mod^ied polyolefinic resin (GPO10) was produced. 

Comparative Example 5: 

35 An ethylene-octene copolymer (ENGAGE EG820G. available from The Dow Chemical Company; oclene content: 
24% bySeigrMSney vi^osity: 8; density: 0.87 g/cm^; Mw/Mn: 2.1; mettflow ratio (ho/la): 7.6) produced in the pres- 
ence of a single site catalyst was used as it was. 

Comparative Example 6: 

An ethylene-propylene-nonconjugated diene copolymer (iodine value: 12.5; propylene content: 24% by weight, 
diene component eSylidene norbornene; Mooney viscosrty: 60; density: 0.86 g/cm^: Mw/Mn: 6.3) produced in the 
absence of single site catalyst was used as it was instead of the ethylene-octene copolymer. 

45 Production Example: Aromatic vinyl resin (ABS) 

210 parts of water. 2 parts of sodium dioctylsulfo succinate. 0.5 parts of sodium formaldehyde sulfoxylate. 0.01 
parts of disodium ethylenediamine tetraacetate, and 0.0025 parts of ferrous sulfate were charged into a Polymer^er 
Quipped wrth an agitator and a condenser in an atmosphere of nitrogen where 78 parts of styrene and 22 parts o^ ac y- 
Siitrile were then continuously added dropwise thereto with paramenthane hydroperaxde as « /o'V'^^^^^Tt^*^^^ 
and t^odecyl mercaptan as a chain transfer agent at a polymerization temperature of 65»C in 6 hours^ /^er ttie term- 
nation of dropwise addition, the polymerization mixture was further stirred at a temperature of BS-C for 2 hours to ter- 
minate polymerization. Thus, an aromatic vinyl resin (AVI) latex was obtained ,^ ^ ..♦«v.^oi<» n mo 
SeSrLly 240 partsdwater.80 parts of polybutadiene latex. 0.2 parts of sodiumfomialdehydesulfo^^^^^ 

parts oTdisodium ethylenediamine tetraacetate, and 0.003 parts of ferrous sulfate were charged into a Polymer«er 
equipped wrth an agitator and a condenser in an atmosphere of nitrogen where 23 parte of slyrene and 7 parts o^^^^^^^^ 
SiitrTe were then continuously added dropwise thereto with t-butylperoxyisopropyl carbonate a PO'y'"enzaton mrt- 
ator at a polymerization temperature of 60'C in 4 hours. After the termination of dropwise addition, the polymerization 
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mixture was further stirred at a temperature of 60°C for 2 hours to terminate polymerization. Thus, an aromatic vinyl 
resin (AV2) latex was obtained. 

The two latexes thus obtained were mixed at an AV1/AV2 ratio of 3/1. salted out. dehydrated, and then dried to 
obtain an aromatic vinyl resin (ABS). 

5 

(Evaluation of graft-modified polyolefinic resin) 

The graft-modified polyolefinic resins (GP01 - GP012) obtained in Examples 1 to 6. 48 and 49 and Comparative 
Examples 1 to 4 and the unmodified polyolefinic resins obtained in Ck)rnparative Examples 5 and 6 were evaluated for 
10 various physical properties as follows. 

(1) Capillary melt viscosity: 

The capillary melt viscosity was measured at a temperature of 250**C. For the measurement of the capillary melt vis- 
75 cosity. a capillograph available from Toyo Seiki Seisakusho. Ltd. was used. The measurement was effected at a resi- 
dence time of 5 minutes and a shear rate of 1 .216/sec. 

(2) Molding fluidity: 

20 For the evaluation of molding fluidity, the various samples were each injection-molded through an injection molding 
machine (IS80EPN-2A, available from Toshiba Corp.) at a cylinder temperature of 200**C and a mold tenrperature of 
50*»C. 

O = Excellent in molding fluidity: 
25 a: Slightly poor in molding fluidity; 
X: Poor in molding fluidity 

(3) Adhesivity: 

30 The sample was uniformly positioned interposed between two sheets of aluminum substrates. The sanple was 
then compressed at a temperature of 200**C for 5 minutes to prepare a specimen. The aluminum substrate was then 
peeled off the sample to evaluate adhesivity. 

O ■ Excellent in adhesivity: 
35 a: Slightly poor in adhesivity: 
X: Poor in adhesivity 

The results of evaluation of properties are set forth in Table 1 . The results in Tattle 1 show that the graft-modified 
polyolefinic resins according to the present invention exhibit an excellent adhesivity and further exhibit an excellent f lu- 
40 idity despite o1 the presence of an epoxy group. 



45 



50 



55 



BNSDOCID: <EP 0S660B1A1 I > 



13 



EP 0 866 081 A1 



Table 1 



Example No. 


Pmpprties of araft-modif ied oolvolefinic resin 




Melt viscosity (poise) 


Moioing Tiuiuny 




Example Nos. 








1 


GP01 


2,020 


CJ 




2 


GP02 


1 ,900 


r\ 
KJ 




3 


GP03 




r\ 
\J 


o 


4 


GP04 


1 ,yoU 


r\ 
\J 


o 


5 


GP05 


1,820 


\J 


o 


6 


GP06 


1.880 


r\ 
yJ 


n 


48 


GP011 


1,910 


\J 


o 




VJr v./ 1 & 


3,043 


o 


r\ 
kJ 


Comparative 


Example Nos. 








1 


GP07 


7,110 


X 


o 


2 


GP08 


11,400 


X 


o 


3 


GP09 


3.500 


A 


A 


4 


GPO10 


3,360 


A 


A 


5 


EOC 


1.515 


O 


X 


6 


EPDM 


5,167 


X 


X 



(Production of thermoplastic resin composition) 
Examples 7 to 15 and Comparative Examples 7 to 13: 

A polybutylene terephthalate resin (Duranex 2002®. available from Polyplastics Co.. L^-. «bbr»fl_atedas TB^^ 
the gr^-mod»ied polyoiefinic resins (GP01 to GPO10) or unmodified polyolef.nic resins obtained ^xanples Ito 6 
a,Sl Com^Vative Examples 1 to 4. tetrabutyl phosphonium bromide (available from AkJnch Co.. Ud ; abbreviated as 
"■rePBTa^a Stalys? and glassfiber (ECS03T-195H/PS®. available from Nippon Electric Glass Co.. Ltd.) were mixed 
ir[l prtiTortio^sTto^^^^^^ 2. The mixture was charged at a rate of 15 kg per hour into a 45-mm twin screw 
ex^ud^^ESis® available from The Japan Steel Works. Ltd.) which had been adjusted to a temperature of24^C 
Ter^t was then melt-kneaded at a screw rotational speed of 100 rpm. The material thus extruded was cooled with 
water, pelletized. and then dried at a temperature of 120-C for 4 hours to produce a resin composition. 

Examples 16 to 23 and Comparative Examples 14 to 20: 

A DOlybutylene terephthalate resin (Duranex 2000®. available from Polyplastics Co.. Ltd.; abbreviated as "PBr). a 
o^^Jpr^S^rJn (H^ole J900®. available from Mitsui Petrochemical Industries. Ltd.). the graft-modrfied polyoiefinic 
Si^TlSl 0 QPO10) or unmodified polyoiefinic resins obtained in Examples 1 to 6 and ComparaWe Examples 1 
n and teiabutyl phosphonium bromide (available from Aldrich Co.. Ltd.; abbreviated as "TBPB") as a catalyst were 
mixed^a ^SSon set forth in Table 3. The mixture was charged at a rate of 15 kg per hour into a 45-mm twin screw 
^'Ser ?rExS4SS® available from The Japan Steel Works. Ltd.) which had been adjusted to a temperature o^240 C 
SiLre was then melt-kneaded at a screw rotational speed of 100 rpm. The material thus extruded was cooled with 
water, pelletized. and then dried at a temperature of 120°C for 4 hours to produce a resin composition. 

Examples 24 to 31 and Comparative Examples 21 to 26: 

A nylon-6 resin (UBE1013B. available from Ube Industries. Ltd.). the graft-modified polyoiefinic ns (GP01 to 
GPO10) or unmodified polyoiefinic resins obtained in Examples 1 to 6 and Comparative Examples 1 to 4. and tetrabutyl 
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phosphonium bromide (available from Aldrich Co., Ltd.; abbreviated as TBPB") as a catalyst were mixed in a propor- 
tion set forth in Table 4. The mixture was charged at a rate of 15 kg per hour into a 45-mm twin screw extruder 
{TEX44SS®. available from The Japan Steel Works, Ltd.) which had been adjusted to a temperature of 250°C where it 
was then melt-kneaded at a screw rotational speed of 1 00 rpm. The material thus extruded was cooled with water, pel- 
letized, and then dried at a temperature of 120*^0 under reduced pressure for 12 hours to produce a resin composition. 

Examples 32 to 39 and Comparative Examples 27 to 32: 

A polybutylene terephthalate resin (Duranex 800FP®, available from Polyplastics Co., Ltd.; abbreviated as "PBT^, 
a nylon-66 resin (UBE2020B. available from Ube Industries. Ltd.), the graft-modified polyoiefinic resins (GP01 to 
GPOlO) or unmodified polyoiefinic resins obtained in Exannples 1 to 6 and Comparative Examples i to 4, and tetrabutyl 
phosphonium bromide (available from Aldrich Co., Ltd.; abbreviated as TBPB") as a catalyst were mixed in a propor- 
tion set forth in Tat)le 5. The mixture was charged at a rate of 15 kg per hour into a 45-mm twin screw extruder 
(TEX44SS®, available from The Japan Steel Works, Ltd.) which had been adjusted to a temperature of 250°C where it 
was then melt-kneaded at a screw rotational speed of 100 rpm. The material thus extruded was cooled with water, pel- 
letized. and then dried at a temperature of 120°C under reduced pressure for 12 hours to produce a resin composition. 

Examples 40 to 47 and Comparative Examples 31 to 36: 

A polycartxjnate resin (Panlite L-1250®, available from Teijin Ltd.), and the graft-nxxiified polyoiefinic resins (GP01 
to GPO10) or unmodified polyoiefinic resins obtained in Examples 1 to 6 and Comparative Examples 1 to 4 were mixed 
in a proportion set forth in Table 6. The mixture was charged at a rate of 15 kg per hour into a 45-mm twin screw 
extruder (TEX44SS®, available from The Japan Steel Works, Ltd.) which had been adjusted to a temperature of 280°C 
where it was then melt-kneaded at a screw rotational speed of 100 rpm. The material thus extruded was cooled with 
water, pelletized, and then dried at a temperature of 120°C under reduced pressure for 12 hours to produce a resin 
composition. 

Examples 50 to 52 and Conrparative Examples 37 to 40: 

A polycart)onate resin (Toughlon A2200®, available from Idemitsu Petrochemical Co., Ltd.), the graft-modified poly- 
oiefinic resins (GP01 1 to GP012) or unmodified polyoiefinic resins obtained in Examples 48 and 49, and the aromatic 
vinyl resin (ABS) obtained in the foregoing production exanrples were mixed in a proportion set forth in Table 7. The mix- 
ture was charged at a rate of 15 kg per hour into a 45-mm twin screw extruder (TEX44SS®. available from The Japan 
Steel Works, Ltd.) which had been adjusted to a temperature of 240**C where it was then melt-kneaded at a screw rota- 
tional speed of 100 rpm. The material thus extruded was cooled with water, pelletized, and then dried at a temperature 
of 120'*C under reduced pressure for 12 hours to produce a resin composition. 

(Evaluation of thermoplastic resin composition) 

(1) Tensile elongation at break: 

The resin compositions obtained in Examples 7 to 23 and Comparative Examples 7 to 20, the resin compositions 
obtained in Exanples 24 to 39 and Comparative Examples 21 to 32 and the resin compositions obtained in Examples 
40 to 47 and Comparative Examples 31 to 36 were injection-molded at a cylinder temperature of 240*'C, 250°C and 
280**C, respectively, and a mold temperature of 50**C. 60°C and 80**C, respectively, through an injection molding 
machine (IS80EPN-2A. available from Toshiba Corp.) to prepare dumbbells. These dumbbell specimens were then 
evaluated for 23''C tensile elongation at break in accordance with ASTM D638. 

(2) Weld elongation at break: 

A dumbbell specimen having a welded portion was prepared under the foregoing injection molding conditions. This 
specimen was then evaluated for 23''C weld tensile elongation at break in accordance with ASTM D638. 

(3) Izod impact strength: 

Izod bars having a thickness of 1/4 in. and 1/8 in., respectively, were prepared under the foregoing injection molding 
conditions. In some detail, the resin compositions (Table 7) obtained in Examples 50 to 52 and Comparative Examples 
37 to 40 were processed at a cylinder temperature of 250**C and a mold temperature of 70**C to prepare specimens. 



15 

P 08660eiAl I > 



The resin compositions (Table 6) obtained in Examples ^ soecimens were then evaluated 

(4) Capillary melt viscosity: 

1,216/sec. 
15 (5) Molding fluidity: 



used. 

(6) Surface peelability: 



25 



30 



35 



The CTiterion for evaluation of surface peelability is as follo««: 

@- 96 or more out of 100 checkers in total left unpeeled after test; 

O ■ 91 to 95 out of 1 00 checkers in total left unpeeled after test; 

^' 86 to 90 out of 100 checkers in total left unpeeled after test; and 

X: 85 or less out of 1 00 checkers in total left unpeeled after test 

(7) Heat shock resistance: 

resistance of the resin composition. The criterion for evaluation is as follows: 

O • 2 or less out of 10 specimens show cracking on welded portion; 
A- 3 to 5 out of 10 specimens show cracking on welded portion; and 
X- 6 or more out of 10 specimens show cracking on welded portion 



The results of e»«luation of properties are set forth in Tables 2 to 7. 
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Tables 



5 


Example 
No. 


Mixina ratio of composition 


Properties of resin comoosition 


10 




PBT 


PP 


GPO 


TYPE 


TBPB 


% Tensile elonaation 
at break 


Capil- 
lary melt 
viscosity 

(poise) 


Mold- 
ing flu- 
lOrty 
(mm) 


Surface 
peelabil- 
try 
















Unwelded 


Welded 










16 


70 


20 


10 


GP01 


0.07 


24.6 


7.0 


1.230 


211 


@ 


15 


17 


70 


15 


15 


GP01 


0.07 


38.5 


10.4 


1,321 


196 


© 




18 


70 


20 


10 


GP02 


0.07 


20.2 


8.0 


1,176 


236 


@ 




19 


70 


15 


15 


GP02 


0.07 


36.0 


10.2 


1,236 


215 


@ 


20 


20 


70 


15 


15 


GrOo 


0.07 


32.3 


8.6 


1 ,004 




© 


21 


70 


15 


15 


GP04 


0.07 


29.3 


9.6 


1,266 


205 


o 




22 


70 


15 


15 


GP05 


0.07 


22.0 


9.7 


1,270 


202 


@ 




23 


70 


15 


15 


GP06 


0.07 


27.3 


7.2 


1,289 


21 1 


o 


25 


Comp. 

CXaiTIfJIe 

14 


7f\ 
fV 


oU 








1.2 


1.0 




I O 


A 




15 


70 


15 


15 


(EOC) 




5.2 


1.5 


1,203 


210 


X 


30 


16 


70 


15 


15 


(EPDM) 




3.4 


1.2 


1,352 


192 


X 




17 


70 


15 


15 


GP07 


0.07 


33.4 


2.3 


1.765 


155 


X 




18 


70 


15 


15 


GP08 


0.07 


2.9 


2.5 


1,526 


168 


X 


35 


19 


70 


15 


15 


GP09 


0.07 


20.4 


1.8 


1,512 


170 


X 


20 


70 


15 


15 


GPO10 


0.07 


18.0 


1.5 


1,390 


200 


X 


40 


EOC: Unmodified ethyl ene-octene copolymer (EG8200, available from the The Dow Chemical Company 
EPDM: Unmodified ethylene-propylene-nonconjugated diene copolymer (TER4033, available from EnicI' 
Limited) 


) 

lem Japan 



Table 4 



Example 
No. 


Mixina ratio of comoosition 


Properties of resin comoosition 




Ny6 


GPO 


Type 


TBPB 


% Tensile elonaation 
at break 


Izod impact strenath 
(ko • cm/cm) 


Molding 
fluidity 
(mm) 












Unwelded 


Welded 


23*»C 


-30*»C 




Example 
24 


95 




5 


GP01 




0.10 


45.4 


32.0 


7.3 


4.2 


168 


25 


90 




10 


GP01 




0.09 


56.3 


29.3 


10.0 


5.2 


149 


26 


95 




5 


GP02 




0.10 


40-5 


29.6 


7.4 


4.9 


189 
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Table 4 (continued) 



Example 
No. 



Mixing ratio of composition 



Properties of resin composition 





Ny6 




lype 


TBPB 


% Tensile elonaation 


Izod imoact strenath 


Molding 
fluidity 

/-mi l. A 

(mm) 


at break 


(kg*cr 


n/cm) 














Welded 


23°C 


-30°C 




27 


90 


10 


GP02 


0.09 


81.2 


30.5 


10.9 


3.8 


\7o 


28 


90 


10 


GP03 


0.09 


58.5 


28.8 


y.y 






Oft 

29 




in 


GP04 


0.09 


45.4 


31.8 


8.7 


4.7 


154 


30 


90 


in 


fiPO'5 


0.09 


43.2 


25.5 


8.5 


3.3 


168 


31 


90 


1 n 
1U 


Or 


0 09 


40.1 


29.0 


7.9 


4.2 


165 


Connp. 


90 


lU 






39.5 


3.5 


4.9 


2.6 


172 


Example 




















21 




















22 


90 


10 


(EPDM) 




13.2 


2.5 


4.1 


3.6 


176 


23 


90 


10 


GP07 


0.09 


40.4 


4.4 


7.4 


3-9 


121 


24 


90 


10 


GP08 


0.09 


18.4 


15.9 


3.7 


3.2 


127 


25 


90 


10 


GP09 


0.09 


23.2 


6.8 


7.3 


3.6 


135 


26 


90 


10 


GPO10 


0.09 


22.7 


5,3 


6.1 


3.9 


145 



EPDM: Unmodified ethylene-propylene-nonconjugated diene copolymer (TER4033, available from Enichem Japan 
Limited) ——===== 



Table 5 



Example 




Mixino ratio of comoosition 




Properties of resin comoosition 




No. 




























GPO 


TYPE 


TBPB 


% Tensile elonaation 


Izod imDact 


Mold- 




PBT 


Ny 66 




break 


Strength 


ing flu- 


















(kq» cm/cm) 


idity 






















(mm) 














Unwelded 


Welded 


23°C 


-30°C 




Example 


70 


30 


5 


GP01 


0-07 


10.2 


5.3 


8.0 


3.4 


115 


32 






















33 


70 


30 


10 


GP01 


0.07 


12.8 


8-4 


12-3 


4.9 


94 


34 


70 


30 


5 


GP02 


0.07 


11.6 


6.4 


7.7 


3.6 


128 


35 


70 


30 


10 


GP02 


0.07 


12.4 


8.7 


11.2 


5.2 


120 


36 


70 


30 


10 


GP03 


0.07 


12.0 


8.3 


11.6 


5.3 


91 


37 


70 


30 


10 


GP04 


0-07 


11.9 


8.0 


12.0 


5.0 


92 


38 


70 


30 


10 


GP05 


0-07 


11-0 


7.2 


10.8 


5.0 


122 


39 


70 


30 


10 


GP06 


0.07 


11.2 


7.8 


11.8 


5.2 


106 



BNSDOCID: <EP 0S66081A1J_> 



20 



EP 0 866 081 A1 

Table 5 (continued) 



Example 
No. 


Mixinq ratio of comoosrtion 


Properties of resin comoosition 




PBT 


Ny 66 


GPO 


TYPE 


TBPB 


% Tensile elonaation 
at break 


Izod inrtoact 

strength 
(kg-pm/gm) 


Mold- 
ing flu- 
idity 
(mm) 














Unwelded 


Welded 


23<*C 






Comp. 

Example 

27 


70 


30 


10 


(EOC) 




7.0 


1.8 


4.1 


1.8 


125 


28 


70 


30 


10 


(EPDM) 




8.3 


1.3 


3.0 


2.0 


120 


29 


70 


30 


10 


GP07 


0.07 


11.4 


2.1 


9.0 


4.5 


85 


30 


70 


30 


10 


GP08 


0.07 


9.3 


4.5 


6.5 


3.7 


76 


31 


70 


30 


10 


GP09 


0.07 


11.3 


3.5 


9.2 


4.2 


84 


32 


70 


30 


10 


GPO10 


0.07 


10.1 


3.6 


8-4 


2.9 


92 


EOC: Unmodified ethylene-octene copolymer (EG8200. available from The Dow Chemical Company) 

EPDM: Unmodified ethyl ene-propylene-nonconjugated diene copolymer (TER4033, available from Enichem Japan 

Limited) 
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30 



35 



40 



45 
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Table 6 



Exam- 


Mixina ratio of comoGSition 




PropGrties of resin comoosition 






ple No. 














Mold- 




PC 


OrO 


TYPE 


TBPB 


% Tensile elonaation at 
break 


Izod Imoact fitrpnqth (ka • cm/cm) 


til i_ 
my Tiu- 
























idity 
























(mm) 












Unwelded 


Welded 


23°C 


-30 




















1/4* 


1/8* 


1/4* 


1/8* 




Exam- 


95 


5 


GP01 


- 


81.2 


50.2 


f^A 1 


ft 


25.6 


39-3 


143 
























122 


4.1 


90 


10 


GP01 




inp 7 


87.8 


69.8 


70.7 


34.3 


53.5 


AO 


95 


5 


GP02 




eft o 


A7 


60.6 


63.1 


26.1 


44.9 


155 


**o 


90 


10 


\Jir\Jc. 




105.1 


100.2 


69.3 


71.3 


30.9 


51-5 


138 


44 


90 


10 


GP03 


- 


98.9 


75.9 


62.0 


64.2 


24.9 


50.7 


115 


45 


90 


10 


GP04 
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97.6 


80.4 


66.8 


69.3 


22.6 


41.3 


121 


46 


90 


10 


GP05 
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80.2 


62.4 


58.8 


61.9 


21.8 


47.2 


120 


47 


90 


10 


GP06 
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81.3 


60.3 


. 59.2 


70.1 


22.0 


42.5 


124 
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90 


10 
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104.9 


24.3 


19.0 


32.2 


8.0 


13.4 


oo 


90 


10 


(EPDM) 




59.1 


9.7 


16.1 


29.3 


8.8 


12.6 


130 


34 


90 


10 


GP07 




69-3 


10.3 


45.0 


46.4 


25.0 


40.9 


109 


35 


90 


10 


GP08 




53.5 


32.5 


30-1 


40.7 


19.1 


20.9 


82 


36 


90 


10 


GP09 




104.0 


28.8 


50.3 


54.5 


25.6 


44.3 


106 




90 


10 


GPO10 




88.7 


23.1 


46.9 


49.8 


23.0 


18.7 


110 
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nmodif 
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^lene-octer 


le copolymer (EG8200. available from The Dow Chemical company) 


EPDM: Unmodified ethylene-propylene-nonconjugated diene copolymer (TER4033. avaiiaoie trom tnicnem 


Japan Limited) 
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Table 7 
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MiYinq ratio of COmoOSltlOn 


Properties of resin composition 
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TYPE 
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Izod impact 


Surface 


Molding flu- 












strength 


peelability 


idity (mm) 
















(kg • cm/cm) 
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Example 50 


50 


50 
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GP011 




70.3 


@ 


639 




51 


60 


40 


10 


GP011 




63.8 


® 


624 




52 


60 


40 


5 


GP012 




61-0 
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618 
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Table 7 (continued) 



Example 
No. 


Mixina ratio of composition 


Properties of resin comoosition 




PC 


ABS 


GPO 


TYPE 


TBPB 


Izod innpact 

strength 
(kg • cm/cm) 


Surface 
peel ability 


Molding flu- 
idity (mm) 


Comp. 
Example 37 


50 


50 








55.0 


X 


558 


38 


60 


40 








53.8 


X 


551 


39 


50 


50 


5 


EOC 




54.7 


X 


580 


40 


60 


40 


10 


EPDM 




53.5 


X 


554 


EOG: Unmodified ethylene-octene copolymer (EG8100. available from The Dow Chemical Company) 

EPDM: Unmodified ethylene-propyiene-nonconjugaled diene copolymer (TER4033, available from Enichem Japan 

Limited) 



20 The results in Table 2 show that the resin compositions according to the present invention obtained in Examples 7 
to 15 exhibit an extremely high tensile elongation at break regardless of whether or not they have a welded portion and 
good Izod impact strength and fluidity It can also be seen that these resin compositions exhibit an excellent heat shock 
resistance. On the other hand, the resin compositions of Comparative Examples 7 and 8. which are products unmodi- 
fied with a glycidyl group-containing compound, exhibit a poor compatibility with polybutylene terephthalate and thus 

25 show no improvement in weldability and heat shock resistance. Further, the resin compositions of Comparative Exam- 
ples 9 to 1 3 leave something to be desired in weldability, fluidity or heat shock resistance. It is thus obvious that the resin 
compositions according to the present invention are well-balanced in physical properties such as weldability, impact 
resistance, fluidity and heat shock resistance. 

The results in Table 3 show that the resin compositions according to the present invention obtained in Examples 16 

30 to 23 exhibit an excellent weldability and a good fluidity despite the incorporation of polypropylene as an unmodified 
polyolefinic resin. Further, these resin compositions exhibit an excellent surface peelability. It can thus be seen that the 
graft-modified polyolefinic resins (GPOl to GP06) of the present irtvention can remarkably act as a compatibilizer to 
improve the conpatibility of resins. On the other hand, the resin compositions of the comparative examples cannot 
improve the compatibility of polybutylene terepthalate resin and polypropylene resin, which inherently are insufficiently 

35 compatible with each other, and thus exhibit poor weldability and surface peelability. 

The results in Table 4 show that the resin compositions obtained in Examples 24 to 31 are excellent particularly in 
weldability and exhibit good impact resistance and fluidity. The resin compositions of the comparative examples showed 
no improvement in weldability. 

The results in Table 5 show that the resin compositions obtained in Examples 32 to 39 exhibit good weldability. 

40 impact resistance and fluidity even if polyester and polyamide which have a poor compatibility therewith are incorpo- 
rated therein. In particular, the weldability and fluidity of these resin compositions are remarkably excellerrt. The resin 
compositions of the comparative examples exert an insufficient effect of improving the compatibility with the resin and 
thus show a poor weldability. 

The results in Table 6 show that the resin compositions according to the present invention obtained in Examples 40 

45 to 47 exhibit excellent weldability. impact resistance and fluidity. In particular, the dependence of impact strength of the 
resin compositions according to the present invention on thickness, which comes into question with polycarbonate 
resin, is small. Thus, the resin compositions according to the present invention are also adapted for parts having a great 
thickness. On the other hand, the resin compositions of the comparative examples show a great dependence of impact 
strength on thickness and thus exhibit a poor weldability. 

50 The results in Table 7 show that the resin compositions according to the present invention obtained in Examples 50 
to 52 show a drastic improvement in surface peeling resistance and good impact resistance and molding fluidity. On the 
other hand, the resin compositions of the comparative examples exhtoit an insufficient compatibility of polycarbonate 
resin with aromatic vinyl resin that causes violent surface peeling and show poor impact resistance and molding fluidity. 

55 INDUSTRIAL APPLICABILITY 

As mentioned atx)ve. the resn compositions according to the present invention show a drastic improvement in flu- 
idity and weldability and show a well-balanced impact resistance. The resin compositions according to the present 
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invention can be used as various engineer plastics, particularly for automobile parts, household appliance parts, indus- 
trial parts, sports goods, furniture, etc. 



10 



Claims 
1 



75 



A araft-modified polydefinic resin, which is produced by the polymerization of (a-1) 100 parts by weigh o a po(y- 
SS'e^n preSred in the presence of a single srte catalyst with (a-2) from 0.1 to 30 parts by weight of a com- 
pound (a-2a) containing a glyddyl group represented by the following formula (I): 

R 

I (I) 
CHj=C— C— N— CH2— Ar 

II I 
0 H 



20 



25 



30 



wherein Ar represents a Cg-aa aromatic hydrocarbon group bonded to at least one glycidyloxy group: R repre- 
r^nte a hyciS^atom or a methyl group and/or a compound (a-2b) containing a glyadyi 9^°"P ^^^f 
uns^urS Xcidyl ester in the presence of (a-4) a radical polymerization initiator >n an amount of from 0.001 to 
10 parts by weight based on 100 parts by weight of said component (a-2). 

A graft-modtfied polyolef inic resin, which is produced by the polymerization of (a-1 ) 100 parte by weight of a pdy- 
ol£72^n pre^red in the presence of a single srte catalyst with (a-2) from ai to 30 parte by weight of a com- 
pound (a-2a) containing a glyddyl group represented by the following formula (I): 

R 

CH,=C— C— N— CH,— Ar ■ (D 

II I 
0 H 



5 wherein Ar represents a Cg-aa aromatic hydrocartwn group bonded to at least one glyadyloxy group: and R repre- 
^.TL hyciSeTatom or a methyl group and/or a compound (a-2b) containing a glycdyl group composed of ^ 
un^ura^S Si ester and (a-3) from 1 to 500 parte by weight of a vinyl monomer in the presence of (a-4) a 
S S^mSon iS^tor in an amount of from 0.001 to 10 parte by weight based on 100 parte by weight of 
the sum of the weight of said componente (a-2) and (a-3). 

' 3 The graft-modified polyolef inic resin according to Claim 1 or 2. wherein ttie molecular w^'Q^ distribution (Mwi^^^ 
JiresentX the^atb of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of the 

polyolefinic resin (a-1) is not more than 3.5. 

« 4 Thegraft-modified polyolefinic resin according to Claim 3. wherein the molecular ««*9^^^,'^'^*;''^°"^^*^^^^^^ 

rieS by the ratio of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of the 
polyolefinic resin (a-1) is from 1 .5 to 2.5. 

Th« araft-modif led Dolyolefinic resin according to any one of Claims 1 to 4. wherein the melt flow ratio Mh) of the 
so ^Xr^T^^i^^ ^^ less than 5.63 and the molecular weight distribution (Mw/Mn) of the polyolefinic resin 
(a-1) is represented by the following formula (II): 

Mw/Mn5(lio/'2)-*-63 ^"^ 

55 6. The graft-modrtied polyolefinic resin according to any one of Claims 1 to 5. wherein the density of the polyolefinic 

resin (a-1) is not more than 0.95 g/cvr?. 
7. The graft-modified polyolefinic resin according to Claim 6. wherein the density of the polyolefinic resin (a-l) is not 



24 



BNSDOCID- <EP 08660eiA1_U> 



EP 0 866 081 A1 

more than 0.88 g/cm^. 

8. The graft-modified polyolef inic resin according to any one of Clainr^ 1 to 7. wfierein the polyolef inic resin (a-1 ) is a 
copolymer of ethylene with a C3.10 a-olefin. 

5 

9. The graft-modified polyolefinic resin according to Claim 8. wherein the content of a-olefin unit in the polyolefinic 
resin (a-l) is from 0. 1 to 50% by weight. 

10. The graft-modified polyolefinic resin according to Claim 9, wherein the content of a-olefin unit in the polyolefinic 
10 resin (a-l) is from 20 to 35% by weight. 

11. The graft-modified polyolefinic resin according to any one of Claims 8 to 10. wherein the polyolefinic resin (a-l) is 
a copolymer of ethylene with at least one a-olefin selected from the group consisting of propylene, 1 -butene. 1 -hex- 
ene, 4-methyl-1-pentene and 1 -octane. 

15 

12. The graft-modified polyolefinic resin according to Claim 11, wherein the polyolefinic resin (a-1) is a copolymer of 
ethylene with 1 -octene. 

13. The graft-modified polyolefinic resin according to any one of Claims 1 to 7, wherein the polyolefinic resin (a-1) is a 
20 terpolymer of ethylene with a C3.10 a-olefin and a nonconjugated diene. 

14. The graft-modified polyolefinic resin according to Claim 13. wherein the polyolefinic resin (a-1) is a terpolymer of 
ethylene with propylene and a nonconjugated diene. 

25 15. The graft-modified polyolefinic resin according to any one of Oaims 1 to 14, wherein the single site catalyst com- 
prises one or more catalyst connposrtions composed of a metal corrplex containing a ligand having one or more 
cydopentadienyl skeletons and a cocatalyst 

16. The graft-modified polyolefinic resin according to Claim 15, wherein the metal connplex contains a metal atom 
30 selected from the group consisting of titanium, zirconium and hafnium. 

17. The graft-modified polyolefinic resin according to Claim 15, wherein the cocatalyst is an organic aluminum oxy 
compound or boron-based compound. 

35 18. The graft-modified polyolefinic resin according to Claim 17, wherein the cocatalyst Is methyl alumoxane or tris(pen- 
tafluorophenyl)boran. 

19. The graft-modified polyolefinic resin according to any one of Claims 1 to 18, wherein the compound (a-2a) having 
a glyddyl group represented by the formula (I) as the component (a-2) is a compound represented by the following 

40 formula (III): 

H 

45 CH2 =C — C — N — CH2 HCJ>^ 0 — CH2 — CH-^CH2 (III) 

d H \H3 0 

so 

20. The graft-modified polyolefinic resin according to any one of Claims 1 to 18. wherein the compoumd (a-2b) having 
a glycidyl group composed of an unsaturated glycidyl ester as the component (a-2) is glyddyl methacrylate. 




55 



21. The graft-modified polyolefinic resin according to any one of Claim 1 to 18. wherein the component (a-2) is a mix- 
ture of 100 parts by weight of a compound represented by the following formula (III): 
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H 

CHz=C-C-N-CH,hO-0-CH.-CH-CH, (III) 
OH CH, " 



and from 1 to 1 ,000 parts by weight of glycidyl methacrylate. 

22 The graft-modified polyolef inic resin according to any one of Claims 2 to 21 , wherein the vinyl monomer (a-3) is at 
Tast one ^Tected from the group consisting of aromatic vinyl compound, acrylic acid alkyi ester having a C,.22 
a^M group m^hlcrylic acid alkyI ester having a 0,^3 alkyI group, vinyl alk^ elher having a C,.^ alkyI group, .ny 
Shol unsaturated nitrile compound, unsaturated amino compound, maleic acd d.alkyl es^er havmg a Cj 9 a»^l 
groraSIlM ether having a alkyI group, diene compound, maleic anhydrKle, maleic acid, acrylic acid, 
methacrylic acid, and vinyl acetate. 

23 The graft-modified polyolef inic resin accoiding to Claim 22. wherein the vinyl monomer (a-3) is at l^ist one selected 
ISm tS^gX consis^ng of styrene. «-melhylstyrene. butyl acrylate, methyl methacrylate. ally! methacrylate. vnyl 
acetate and acrylonitrile. 

24 The graft-modified polyolefinic resin according to Claim 1 or any one of Claims 3 to 21 . Produced by ^ ^oce^ 
whicS comorTses preparing an aqueous suspension containing a component (a-1) m an amount of 100 parte by 
wSt1^r^ner?;-2) in an amount of from 0.1 to 30 parte by weight and a component (a-4) in an amount of 
Z 0 OO^^Xal by Uht based on 1 00 parts by weight of the component (a-2). and then ^^<^^ ^^";- 
p^ent (a-1) to be impregnat«l with the component (a-2) in the aqueous suspension to effect polymerization of the 
component (a-2). 

25 The graft-modified polyolefinic resin according to any one of Claims 2 to 23. produced by a process which ^m- 
2^sip"epari^^ 

St ^Tan aS,unt of from 0. 1 to 30 parte by weight, a component (a-3) in an amount of from 1 to 500 parte 
Sv w^aS a component (a-4) in an amount of from 0.001 to 1 0 parte by weight based on 1 00 parte by weight 
o^rilTf the weight of the cimponente (a-2) and (a-3). and then alk>wing the componenUa^^ 
nated with the componente (a-2) and (a-3) to effect polymerization of the componente (a-2) and (a-3). 

26 The graft-modified polyolefinic resin according to Claim 1 or any one of Oaims 3 to 21. produced by a proce^ 
wh^h composes me Jkneading a conponent (a-1) in an amount of 100 parte by "^Q^VoiTlToarbv w^^^^^^^ 
amount of from 0 1 to 30 parte by weight, and a component (a-4) in an amount of from 0.001 to 10 parte by weigm 
bS^o^lOO J^rte b^^^^^ o?the component (a-2). and then allowing the component (a-1) to be polymerized 
wrth the component (a-2). 

27. The graft-modified polyolefinic resin accoiding to any one of Claims 2 to 23^ produced f P^°;=ff 

orises melt-kneading a component (a-1) in an amount of 100 parte by weight, a component (a-2) in an amount o 
fro^O no 3TpSteby weigS^acomponent(a-3) inan amoumof from 1 to 100 pa^^^^^ 
(n)?n arJamo'unt Of Lm 0.001 to 10 parts by weigW based on 100 pari, by w^^^^^ 

components (a-2) and (a-3). and then allowing the component (a-1) to be polymerized wrth the componente (a 2) 
and (a-3). 

28 A thermoplastic resin composition comprising (A) from 1 to 99% by weight of a graft-modified PO'y°'e<*">c resin 
accTrdZto any one of Cteims 1 to 27 and (B) from 1 to 99% by weight of at least one thermoplastic resin selected 
from the group consisting of polyester resin, polyamide resin and polycarbonate resin. 

29. A thermoplastic resin composition, produced by blending (C) from 1 to 1 00 parte weight d an unmodified poly- 
olefinic resin in (D) 100 parte by weight of a thermoplastic resin composrtion according to Claim 28. 

30. The resin composition according to Claim 29. wherein said unmodified polyolefinic resin (C) comprises at least one 
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selected from the group consisting of propylene homopolymer. propylene-ethylene copolymer, ethylene homopol- 
ymer, ethylene-propylene copolymer, ethylene-butene copolymer, ethylene-hexene copolymer, ethylene-octene 
copolymer, ethylene-propylene-nonconjugated diene copolymer, ethylene-vinyl acetate copolymer, and ethylene- 
ethyl acrylate copolymer. 

5 

31 . The thermoplastic resin composition, produced by blending from 1 to 1 00 parts by weight of an aromatic vinyl resin 
in 100 parts by weight of a resin composition according to any one of Claims 28 to 30. 

32. The resin composition according to Claim 31 , wherein said aromatic vinyl resin is a resin obtained by the copolym- 
10 erization of at least one compound selected from the group consisting of unsaturated aromatic compound, unsatu- 
rated cyan compound and unsaturated carboxylic acid ester compound in the presence or absence of a rubber 
polymer. 

33. A resin composition, produced by blending (E) from 1 to 100 parts by weight of at least one filler selected from the 
15 group consisting of silica, talc, mica, glass fiber, neutral clay, cartoon fiber, aromatic polyamide f toer, silicon carbide 

fiber, and titanate fiber in (D) 100 parts by weight of a resin composition according to any one of Clainrts 28 to 32. 
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